LOCAL OSCILLATOR USING 1/Q MISMATCH COMPENSATING CIRCUIT 
THROUGH LO PATH AND RECEIVER USING THEREOF 
FIELD OF INVENTION 
Tlie present invention relates lo a communication system. Specifical ly, the 
invention is directed to a circuit for compensating phase mismatch generated between 
in-phase signal and quadrature-phase signal of a receiver. 

BACKGROUND OF INVENTION 
Fig. I shows a schematic circuit diagram of the conventional radio &e<iuency 
receiver. 

As shown in Fig. 1, the conventional radio frequency receiver comprises a low- 
noise amplifier 110, first and second mixers 120. 130, a local oscillator 140 and first and 
second base-band circuits 1 50, 1 60. 

Low-noise amplifier 1 1 0 amplitles radio frequency signal received by im 
antenna to apply the signal to first and second mixers 120, 130. First and second 
mixers 120, 130 mix the amplified radio frequency signal with in-phase local oscillating 
signal LOi and quadrature-phase local oscillating signal LOg to output intermediate 
frequency or base band signal, respectively. First and second baseband circuits 1 50, 
1 60 amplify/filter the signal outpuited from first and second mixers 1 20, 130, 
respectively to output in-phase signal I and qudrature-phase signal Q. 

In radio communication system, radio frequency receiver transmits data by 
carrying it in in-phasc channel and quadrature-phase channel. 'l"hus. in order to restore 
signal completely, in-phase local oscillating signal LO, and quadrature-phase local 



oscillating signal LOq arc ncccssaiy. If the difference between the phases of LO, and 
LOq does not equal 90 degree, bit error rate increases in the restored signal. In 
particular, the mismatch between in-phase signal I and quadrature-signal Q causes 
significant problem in the system of direct-conversion receiver and image-removing 
receiver. 

However, the characteristic of dclay^cells of tlie local oscillator does not ideally 
match due to thickness of insulator, device size, space difference, various ciysial 
structure of semiconductor material, mismatch of layout and tlie like. Such a " 
mismatch of delay cells causes mismatch between in-phase local oscillating siimal LO, 
and quadrature-phase signal LOq outputtcd from the local oscillator. Thh is im 
important cause of generating mismatch between VQ signals of the receiver. Further, 
mismatch between devices in way of I and Q patli of the receiver is one of cau£.es 
generating I/Q mismatch of radio frequency receiver 

As clearly understood from a person skilled in the ait, size mismatch betM^ecn 
in-pha5e signal I and quadrature-phase signal Q is not significant cause. How;ver, 
phase mismatch may cause significant problem due to path difference between two 
signals arid device characteristic as frequency increase. 

In conventional art, the phase mismatch is conrected with compensation of in- 
phase sighal I and quadrature-phase signal Q of base band that pass a mi.xer or with 
compensation of the paths of radio frequency signaJs I and Q. However, these 
corrections require additional correction circuit in signal path. The addition ol' 
coirection circuit to a path where signal passes may degrade gain, noise, linearity and 
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the like. Further, it is difficult to apply the technique in already-manufactured circuit. 

SUMMARY OF IP^VENTION 

Tlie object of the present inveniion is to provide a circuit for correcting phase 
mismatch between in-phase signal and quadrature-phase signal in a receiver. 

Another object of the present invention is to provide a circuit for correcting 
phase raismatch betv^'een in-phase local oscillating signal and quadrature-phase signal 
outputted from a local oscillator. 

Still other object of the present invention is to provide a circuit for correcting 
phase mismatch between in-phase signal and quadratm-e-phase signal without 
substantially affecting gain, noise and linearity and the like of overall system. 

Still further object of tlie present invention is to provide a circuit for *:orTecting 
in-phase signal and qiiadraiure-phase signal that can be easily applied to already- 
manufactured circuit. 

Tlie local oscillator of the present invention provides in-phase local oscillating 
signal and quadrature-phase signal to first and second mixers outpurting input isignal 
with mixing in-phase local oscillating signal and quadramre-phase local oscilkiing 
signal, respectively. The local oscillator comprises a local oscillating unit which has " 
first and second delay cells and wliich outputs the in-phase local oscillating signal and 
the quadrature-phase local oscillaiing signal, and a correction circuit for controlling 
phase matching characteristic between the in-phase local oscillating signal and the 
quadrature-phase local oscillating signal outputted from the local osciilaiing unit. The 



correction circuit sets bias current flowing in the first and second delay cells of the local 
oscillating unit as being different. 

The first delay cell of the local oscillating unit may have + and - input nodes, 
+ and - output nodes and a correction node. The cell converts phase of sign:.il applied 
to ihe + and - input nodes and outputs it to the - and + output nodes. The second 
delay cell of tlie local oscillating unit has and - input nodes which connect ^vi^h the 
and + output nodes of the first delay cell, - and + output nodes which connect with the -f- 
and - input nodes of tlie fu-st delay cell and the correction node. Tlie cell converts 
phase of signal applied to the + and - input nodes and outputs it to the - and + output 
nodes. Further, bias current flowing in the first and second delay cells is controlled by 
current flowing in the correction node. 

The correction circuit may compn'se first and second varying-current sources. 
The first and second varying-cun'ent sources are connected benveen the correction node 
of the first and second delay cells and first power. 

In second aspect of the invention, a local oscillator comprises a local 
oscillating unit which has first and second delay cells and outputs in-phase local 
oscillating signal and quadrature-phase local oscillating signal, and a correction circuit 
for correcting phase matching characteristic between the in-phase local oscillatkg 
signal and the quadrature-phase local oscillating signal outputtcd from the locai. 
oscillator. The correction circuit sets bias voltage applied to first and second delay 
cells as being different. 
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la third aspect of the invention, a local oscillator comprises a local oscillating 
unit which has first, second and tliird terminals, first and second delay cells ccjmpnsing 
active devices controlling cun'ent flowing to the third terminal from tlie second terminal 
in proportion to voltage applied to the first terminal, and a correction circuit which has 
first, second and third tenninals connecting with the first, second and third terminals of 
the active device, respectively and which controls phase matching characteristic 
between the in-phase local oscillating signal and tlie quadrature-phase local simal 
outputted &om die local oscillating unit by setting width of active device included in the 
first and second delay cells as being different. The oscillating unit outputs the in-phase 
local oscillating signal and the quadrature-phase local signal. 

The correction circuit may have first, second and third terminals, one or more 
active devices and switching means. The active device conti'ols cuixent flowing to the 
third terminal from the second terminal, in proportion to voltage applied to the first 
tenninal. The first temiixial of the active device Ibmis the first terminal of the 
correction circuit. The second terminal forms the second terminal of the coirection 
circuit The third terminal of the active device is connected with one end of tlie 
switching means and the other end of the swhching means forms the third tenninal of 
the correction circuit. 

The active device may be nMOSFET device; tlie first teminal may be a gate 
and; second tenninal may be a drain; and the third terminal is a source. 

The active device may be pMOSFET device; the first terminal may be a gate; 
the second terminal may be a source: and said third terminal may be a drain. 
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In forth aspect of the invention, a local oscillator comprises a local oscillating 
unit which comprises first and second delay cells comprising passive device having 
specij5.c impedance and which outputs the in-phase local oscillating signal and the 
quadrature-phase local oscillating signal; and a correction circuit having first and 
second tenninals connecting with one end and the otlier end of the passive device and 
for controlling phase matching characteristics between the in— phase local oscillating 
signal and the quadrature-phase local oscillating signal which are outputted from the 
local oscillator by making impedance of tlie passive device uicluded the lirst and'second 

delay cells as being different. 

The correction circuit may comprise a passive device and switcliing meajis 
having specific impedance. One end of the passive device may be connected with the 
first terminal of the con^ction circuit. The other end is connected with the one end of 
tlie switching means, and the other end of the switching means are connected ^vith the 
second terminal of the correction circuit. 

The passive device may be an bductor. 

The passive device may be a capacitor. 

A receiver of the present invention comprises a local oscillator having first and 
second delay cell and outputting in-pbase local oscillating signal and quadratrue-phase 
local oscillating signal; first and second mixers which mix input signal with thi j.n-phase 
local oscillating signal and the quadrature-phase signal, respectively and output the 
mixed signal; and a correction circuit for controlling phase matching character! sMc 
between the in-phase local oscillating signal and the quadrature-phase local oscillating 
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signal outputted from the local oscillator. The correction circuit sets bias vcltage 
applied to first and second delay cells as being different. 

In second aspect of the invention, a receiver comprises a local oscillator 
having first aad second delay cell and outputting in-phase local oscillating signal and 
quadratrue-phase local oscillating signal; firsx and second mixers which mix input signal 
with the in-phase local oscillating signal and the quadrature-phase signal respectively 
and output the mixed signal; and a correction circuit for controlling phase mai:ching_ 
characteristic between tlie in-phasc local oscillating signal and the quadrature-phase 
local oscillating signal outputted from the local oscillator. Tlic correction cii'cuit sets 
bias voltage applied to first and second delay cells as being different. 

In third aspect of the present invention, a receiver comprises a local oscillator 
having first, second and third terminals, first and second delay cells comprising active 
devices controlling current flowing to the third terminal from the second temiinal in 
proportion to voltage applied to die first terminal; first and second mixers which mix 
input signal witli the in-phase local oscillating signal and tlie quadrature-phase signal, 
respectively and output the mixed signal; and a coiTection circuit having first, second 
and third teiminals connecting vsrith the first, second and tlurd terminals of the active 
device, respectively and for correcting phase matching chai'acteristic between siignals 
outputted fi:om the first and second mixers by setting width of active device included in 
the first and second delay cells as being different. 

The oscillator outputs the in-phase local oscillating signal and the quadrature- 
phase local signal; 



In third aspect of the invention, a receiver comprises a local oscillator which 
comprises fSrst and second delay cells comprising passi ve device having speciiic 
impedance and outputs the in-phase local oscillating signal and the quadrature-phase 
local oscillating signal; first and second mixers which mix input signal with the in-phase 
local oscillating signal and tlie quadrature-phase signal, respectively and output the 
mixed signal; and a correction circuit haviiig first and second terminals connecting with 
one end and the other end of the passsjve device and controlling phase matching 
characteristics between the in — ^phase local oscillating signal and the quadrature-phase 
local oscillating signal being outputtcd from the local oscillator by malcing imiDcdance 
of the passive device included the first and second delay cells as being different. 
DISCLOSURE OF PREFERRED EMBODIMENT 

In the following, the preferred embodiment of the present invention will be 
described in detail With reference to attached drawings. 

Fig. 2 shows a circuit diagram of an embodiment of the present inver.tion. 

As shown in Fig. 2, the receiver comprises first and second mixers 210, 230, 
local oscillator 250, detection circuit 270- correction circuit 290. 

First and second mixers 21 0. 230 mix in-phase signal LO) and quadrature- 
phase signal LOq with input signal respectively, to output base band or intermediate 
frequency (IF) signal. 

Local oscillator 250 has first and second correction nodes 201, 203 and 
outputs in-phase local oscillating signal LOi and quadrature-phase signal LOq v/hich 
have die same amplitude. Tlie phases of the signals substantially differs each other by 
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90 degrees. Matching charactcrisiic of in-phase local oscillating signal LOI and 
quadrature-phase signal LOQ are controlled by correction signal applied to flisr and 
second correction nodes 20 U 203, 

As described in the below, local oscillator 250 of the embodiment ol^the 
present invention comprises two or more delay cells and controls phase matching 
characteristic between output local oscillating signals witli inducing mismatch between 
delay cells. That is, phase mismatch between in-phase local oscillating signal LOt and 
quadrature-phase local oscillating signal LOg is controlled by generating inverse- 
mismatch that cancels phase-mismatch between local oscillating signals. Tn one 
embodiment of tlie present invention, local oscillator 250 is quadrature-voltage control 
oscillator. 

Detection circuit 270 detects mismatch between in-phase signal I and 
quadrature-phase signal Q that are outputted from first and second mixers 210. 230, 
respectively, and outputs first and second conU'ol signals Setrl and Sctr2. In :in 
embodiment of the present invention, detection circuit 270 can be earned out vAtli 
conventional circuits or devices. For example, an oscilloscope can detect phase- 
mismatch between in-phase signal and quadrature-phase signal outputted from first and 
second mixers 210, 230. Fiu*ther, detection circuit 270 detects I/Q matcliing 
characteristic of initial receiver and outputs control signal and may be removed from 
real receiver. In tliis case, initially set conti'ol signal can be applied to collection 
circuit continuously. 
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Correction circuii 290 outputs correction signal to first and second correction 
nodes 201, 203 of local oscillator 250 by first and second control signal Sctrl , Scii'2 that 
are outputted from detection circuit 270. Although in Fig. 2 correciion circuit 290 is 
shown as being separate from local oscillator 250, correction circuit 290 may be 
installed within local oscillator 250. In this constitution, the local oscillator comprises 
local oscillating pan 250 and correction circuit 290. 

Various embodiments of I/Q mismatch correction circuit of receiver tlirough 
LO path will be described In detail. Tlie spirit of the present invention can be applied 
to all concepts of correcting 1/Q mismatch of receiver through LO patli without limiting 
to the specific embodiment 

EMBODliVIENT OF CORRECTING MISMATCH WITH CONTROL OF 
BL\S CURRENT PROVIDING TO DELAY CELL 

Fig. 3 shows a detailed circuit diagram of local oscillator 250 and coi.Tcction 
circuit 290 of Fig. 2. 

As shown in Fig. 3, local oscillator 250 comprises first and second d<:lay cells 
3 1 0, 330 and correction circuit 290 comprises first and second vaiying-currcnt sources 
13 L D2. As cleaily understood from a person skilled in tlie ait, tJie number of tine 
delay cells of local oscillator 250 and tlie number of varying-current source of. 
correction circuit 290 do not limit the scope of the present invention. 

In the following, the constitution and connection relationship betweer. the 
components will be described with reference to Fig. 3. 
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First delay cell 3 10 oflocal oscillator 250 has + and - input nodes, -h and - 
output nodes and correction node 301 and converts signal phase applied to + and - input 
nodes to transmit it to - and r output nodes, respectively. Second delay cell 330 of 
local oscillator 250 has + and - input nodes, + and - output nodes and coiredlon node 
303 and converts signal phase applied to + and - input nodes to transmit it to - and + 
output nodes, respectively. 

In the local osciUator, first and second delay cells 3 1 0, 330 arc ring-connepted 
each other. That is, - and + output nodes of first delay cell 3 10 are connected with + 
and - input nodes of second delay cell 330. Correction nodes 301. 303 of fust and 
second delay cell 310, 330 forms tirst and second correction nodes 201. 230 oflocal 
oscillator 250, respectively. 

First and second varying-current sources 13 1, 132 of correction circuit 290 are 
connected with first and second collection nodes 201, 203 oflocal oscillator 250 
respectively and supplies current to first and second correction nodes 201, 202 oflocal 
oscillator 250. 

In the following, the operation of local oscillator 250 and correction circuit 

290. 

Local oscillator 250 outputs in-phase local oscillating signal L0| and 
quadrature-phase oscillating signal LOg with ring-connecting first and second delay 
cells 3 10, 330 each other. That is. - and + output nodes of first delay cell 3 1 0 output 
signal having phase of 90 degrees and signal having phase of 270 degrees, respectively. 
The signals have substantially same amplitude. - and + output nodes of second delay 
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cell 330 output signal having phase of 1 80 degrees and signal having phase ol'O degree, 
respectively. The signals have substantially same amplitude. Thus, in-phase local 
oscillating signal LO) aid quadraiure-phasc local oscillating signal LOq of qaidramre- 
phase local oscillator 250 can be obtained by use of the output signal, of + outjjut node 
of second delay cell 330 and - output node of first delay cell 3 10 or by use of the output 
signal of - output node of second delay cell 330 and -r output node of first delay cell 
310. 

First and second varying-current sources 13 1, 132 of correction circuit 290 
determine current value by first and second control signal Sctrl , Scti'2 outputt€:d fi-om 
detection circuit 270 and supply cun-ent to con'cclion nodes 301. 303 of first and second 
delay cell 310, 330. That is, correction circuit 290 of one embodiment of the present 
invention makes the current value supplied to first and second delay cells 310, 330 
different each other, thereby controlling phase-match characteristic between in-phase 
local oscillating signal and quadraiure-phase local oscillating sjgjial outputted from the 
local oscillator. In other words, the circuit generates inverse-mismatch for canceling 
phase-mismatch between local oscillating signals tlirough first and second var3'ing- 
cuirent sources 131, 132, thereby restraining phase-mismaich between local oscillating 
signals. - 

In another embodiment of the present invention, the phases of in-phai:e local 
oscillating signal LOi and quadrdture-phase local oscillating signal LOq can be pre- 
distored, by making the current flowing in first and second delay cells 301, 330 of local 
oscillator 250 different each other by phase-mismatch to be generated between base 
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band in-phase signal 1 and base band quadraiure-phase signal Q. Therefore, the phase- 
mismatch between in-phase signal 1 and quadrature-phase signal Q can be conected. 
However, amplitude mismatch between first and second local oscilating signal L0| and 
LOq. Tlie amplitude mismatch doe not affect the receiver substantially. 

Fig. 4 shows a more detailed circuit diagram of local oscillator 250 aad 
correction circuit 290. Since first delay cell 3 1 0 and first vatying-current source D 1 
are substantially same as second delay cell 330 and second vaiying-curreni source 132, 
only first delay cell 3 10 and first bias current 13 1 are Illustrated. 

As shown in Fig. 4. first delay cell 310 comprises first to sixth PMOS 
transistors MP41 to MP46. first and second NMOS transistor MN41. MN42, inductor 

L41 and capacitor C41 . 

In the following, local oscillator 250 and correction circuit 290 are d<:scribed 
in detaa with reference lo Fig. 4. However, the constitution and operaiion of 
components that are away from the spirit of the present invention will noi be described 
since first delay cell 310 shown in Fig. 4 is well-known and the invention is not limited 

to a specific emdobiment 

First PMOS transistor MP41 of first delay cell 3 10 is a device of supp^ong 
bias current to first delay cell 3 1 0 and determines current flowing third to sixtl-.i PMOS 
transistors MP43 to MP46. Gates of first and second NMOS transistors MN^: 1 , MN42 
are cross-coupled each other to connected to corresponding drain. The sources are 
gi-ounded to form -gm of fursl delay ceil 310. 



The source of second PMOS transistor iVIP42 is connected to power and its 
oate is connected to the gate of first PMOS transistor MP41. Thus, drain of first 
PMOS transistor MP41 flows the cmrent which is same as tine current flowin;? tlie drain 
of second PMOS transistor MN42. 

Inductor L41 and capacitor C41 resonate each otlier to let local oscillator 250 
osdllate desired resonant frequency. . ^ 

First varying-curreni source 13 1 of correction circuit 20 supplies cunrent to the 
drain of second PMOS transistor MP42 and detennines the supplied current amoiint 
with first control signal Sctr 1 . Tlius, the drain of first PMOS transistor MP4 1 flows 
cunent which is substantially same as ihe current supplied to first varying-cucent 
source 131. Thus, the current flowing in delay cell 31 0 can be controlled by varying 
current of first varying current source 13 1 . 

The receiver in accordance with an embodiment of the present hivention 
corrects phase-mismatch between local oscillating signals applied to first and uecond 
mixers 210, 230 respectively, by making the bias ciurent flowing in finsi and second 
delay cells 310, 330 different each other. Tliat is, since I/Q signal mismatch of tlie 
receiver is conected with LO patli, gain, noise and linearity of overall system is not 
substantially affected. 

Further, detection circuit 270 may be mounted outside radio frequency 
receiver circuit. In this consiitution. first and second bias cunrent 13 1 . 132 of correction 
circuit 290 can be controlled outside. Thus, it is not necessary to provide additional 
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circuit within a coirection circuit, thereby maldng it easy to apply to already- 
manufactured circuit. 

Fig. 5 shows a wavefomi of mixer gain and noise characteristic according to 
local oscillating signal. 

As shown in Fig. 5, niixer gain and noise characteristic do vary hardly if the 
amplitude of local oscillating signal is noiJ?ss than a predetermined level, further, 
since the local oscillating signal of radio frequency receiver uses signal not less than Vc 
shown in Fig. 5 generally, amplitude mismatch generated in the local oscillating signal 
hardly affect mixer gairi or noise cbai-acteristic. Thus, the amplitude mismatch 
generated by flowing bias cun-ent different each other in first and second dela> cell 310, 
330, does not atfect to a system substantially, 

EMBODIMENT OF CORRECTING MISMATCH BY CONTROLLING 
BL^S VOLTAGE SUPPLYING TO DELAY CELL 

Fig. 6 shows a circuit diagram of delay cell and correction circuit of ztnother 
embodiment of ilie present invention. 

As shown in Fig. 6, the correction circuit of the embodunent dilTers from the 
correction circuit shown in Figs. 3 and 4 in that it controls output signal phase ^y setting 
bias voltage applied to each delay cell of local oscillator differently. 

The correction circuit controls current flowing in the drain of first PMOS 
transistor MP61 by controlling vohage applied to first PMOS transistor MP61. That is, 
the current flowing in each delay cell can be controlled by setting bias voltage of fu^st 
and second delay cells 3 10, 330 differently. Further, the phase mismatch bet\^'een in- 
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phase local oscillating signal and quadrature-phase signal tliat are outputted from local 
oscillator 250 can be corrected by the setting. 

EMBODIMENT OF CORRECllNG MISMATCH BY CONTROLLING 
WIDTH OF ACTIVE DEVICE OF DELAY CELL 

Fiss, 7a and 7b show a circuit diagram of the correction circuit of still other 
embodiment oftlie present invention. . ^ 

Fig. 7a is a conection circuit for controUmg width of PMOS iransisior and Fig. 
7b is a correction circuit for controlling width of NMOS transistor. 

Generally, in a delay cell using active devices, the active devices are 
connected parallel. That is, the actual width of the active devices varies in accordance 
with the number of parallel-connected active devices. Thus, mismatch between output 
signals of first and second delay cells 310, 330 can be induced by setting on-oif of each 
switching means of the active devices differently. 

In the following, the constitution and operation of the conection circuit of Figs. 
7a and 7b are described in detail. 

Fig. 7a is for controlling the width of PMOS transistor of first and second 
delay cell 3 1 0, 330 and includes one or more PMOS transistor MPa and switcliing 

means SWll. - 

The gates of PMOS transistors MPa, MPb, MPc of the coirection circuit are 
connected one another to form first terminal 701 . The sources of the transistors are 
connected to one another to form second terminal 702. Further, the drains of PMOS 
transistor MPa, MPb, MPc are connected to one end of furst to third switching means 
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SWU, SW12, SW13. The other end of first to third swtching means SWl 1 , SW12, 
SW13 are connected to one another to form third temai.al 703 of the correction circuit. 

Fig. 7b is for controlling the width of NMOS transisior of first and second 
delay cell 310, 330 and comprises one or more NMOS transistor MNa and switching 
means SW21. 

The gates of MNa. Mnb. MNc of each NMOS transistor of the correction 
circuit are connected one another to form first terminal 71 1 of the correction circuit. ^ 
ITie drains of the transistors are connected one another to form second termin=d 712. 
Further, toe sources of each NMOS tmisistor MNa, MNb, MNc are connected to one 
end of first to third switching means SW21, SW22, SW23. The other end of first and 

. , • . Q\vo^ <z.^}J')') SW'S are connected to one another to form third 

third switching means S W21 , h Wi^. » w _ j arc wim 

tenninal713. 

In the receiver of another embodiment of the present invention, mistinatch 
between first and second delay cell 310, 330 can be induced by connecting th. 
correction circuit show^ in Figs. 7a and 7b with one of active devices included in first 
and second delay cells 3 1 0. 330 and thereafter setting on-off of each switching; means 
differently. 

TTiat is, first terminal 701 of the correction circuit sho^^'n in Fig. 7a are 
comiccted with the gate of one of PMOS transistors included in first and second delay 
cells 310. 330 and thereafter, the source is connected with second terminal 70:i of the 
correction circuit. Subsequently, the drain is connected with third terminal 703. In - 
the same way, one of NMOS transistors included in first and second delay cell 310, 330 
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is connected with first, second and third teniiinals 71 1, 71.2, 713 of the correc:tion circuh 
shown in Fig. 7b. 

The correction circuit can be connected with symmetric active device included 
in first and second delay cell 3 1 0, 330. Alternatively, h may be connected vmh any 
one of delay cells. Further, all of P-type correction circuh and N-type correction 
circuit are connected. In addhion. specific correction circuit can be connected with a 
plurality of symmetric devices. 

N-type and/or P-type correction circuit is connected with the .symmetric active 
devices and control signal is applied to the switch included in each correction circuit, 
thereby controlling the wddtli of each active device. That is, the phase-mismatch 
between output in-phase local oscillatuig signal LOi and quadrature-phase local 
oscillating signal LOq can be corrected by making the width of symmetric active devise 
included in first and second delay cell 310, 330. 

As described in the above, the phase of in-phase local oscillating signal LOi 
and quadrature-phase local oscillating signal LOq are pre-distorted by making the width 
of active devices included in first and second delay cells 310, 330 of local oscillator 250 
by phase mismatch generated between base band m-phasc signal T and base band 
quadrature-phase signal Q of the receiver different. Thus, the phase mismatch 
generated between in-phase signal I and quadranire-phase signal Q can be con ected. 

EMBODIMENT OF CORRF.CTING MISMATCH BY CONTROLLING 
IMPEDENCE OF PASSIVE DEVICE INCLUDED IN DELAY CELL 310, 330 
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Figs. 8a and 8b are circuit diagrams of correction circuits in accordance with 

another embodiment. 

Fig. 8a shows a correction circuit for controlling inductance of inductor 
included in first and second delay cells 3 1 0. 330. Fig. 8b shows a correction circuit for 
controlling capacitance of capacitor included in first and second delay cell 310, 330. 

As described in tlie above, the inductor and capacitor of first and 3e(:ond delay 
ceUs 310, 330 ace devices for resonating each other to make local oscillator 2:50 _. 
oscillate in resonant frequency. The correction circuit sets the impedance of the 
inductor L and capacitor C included in first and second delay cells 310. 330 a; being 
different, thereby correcting the mismatch between in-phase local oscillating tdgnal LO, 
and LOq. 

In the following, the constitution and operation of correction circuit Df another 
embodiment will be described in detail widi reference to Figs. 8a and 8b. 

The correction circuit shown in Fig. 8a comprises one or more mductor and 
s\vitching means. One ends of LBl, LB2 and LB3 are comiected with one another to 
form an end 801 of the correction circuit The other ends arc connected with one ends 
of SW3 1, S W32 and SW33, respectively. The other ends of switching means SW3 1, 
SW32 and S\V33 are connected one another to form other ends 802 of correction 
circuits. 

As described in the above, the correction circuit shown in Fig. 8b comprises 
one or more capacitors and switching means. One ends of CB1 , CB2 and CB3 are 
connected v^th one another to form an end 811 of the correction circuit. The other 
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ends are connected with one ends of SW41. SW42 and SW43, respectively. Tlie other 
ends of switching means S W41. SW42 and SW4j are connected one another to form 
otlier ends S12 of correction circuits. 

The correction circuit shown in Figs. 8a and 8b are connected with one end or 
the other ends of inductor or capacitor included in first and second delay cells 310, 330 
to control inductance and capacitance of the delay cells. That is. the phase mismatch 
between in-phase local oscillating signal LO, and quadrature-phase signal LO-^ is _ 
corrected by setting inductance or capacitance of first and second delay cells :! 1 0, 330 
as being different. 

In a correction circuit of still other embodiment, the mismatch of twn or more 
delay cells consisting local oscillator are induced by setting impedance of passive 
device included in each delay cell as being different. Thus, according to embodiment, 
the correction circuit shown in Figs. 8a and 8b can be provided in one delay cell or all 
delay cells. 

According to the present invention, the phase matching characteristic between 
in-phase signal and quadarturc-phase signal by correcting the phase mismatch between 
in-phase local oscillatmg signal and quadrature-phase signal. 

• Further, the phase mismatch between base band in-phase signal and 
quadrature-phase signal by distorting the phase of in-phase local oscillating S!£;nal and 
quadrature-phase signal by the phase mismatch generated in in-phase signal path and 
quadrature-phase signal path of a receiver. 
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In addition, the phase iTiismatch can be corrected wiihout affeciing gain, noise 
and linearity characteristics by correcting phase noisniatch through paths of local 
oscillating signal. 

In already-manufactured cii-cuits, the phase mismatch between in-p::i?ise signal 
I and quadrature-phase signal Q can be corrected by controlling the correciio;.i circuit 
connected with the first and second delay cells of the local oscillator outside flie 
manufactured circuits. - ^ 
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